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Mingning
Synthesis of fluorescently-labelled nanogel particles
The method used to prepare the fluorescently labelled nanogels is based on earlier work using temperature-responsive microgels 2 and is depicted in Scheme S1b. These nanogels were not vinylfunctionalized. The same general procedure as outlined above to prepare the precursor nanogel particles was used but with a smaller scale. Nanogels labelled with only Ph (NG Ph ) or An (NG An )
were prepared as controls in addition to the nanogel probe particles which contained both Ph and An (NG Ph/An ). NG Ph and NG An contained a nominal Ph or An concentrations of 0.50 mol%. The NG Ph/An particles were prepared using 0.25 mol% of Ph and An with respect to monomer. Table S1 shows the quantities used. Ph or An (or both) were dissolved in the co-monomer solution and then fed into the 100 mL three-neck flask which was stirred magnetically with nitrogen bubbling for at least 30 min and initiator was added to begin emulsion polymerization. The reaction was allowed to proceed for 4 h. To remove free fluorophore the nanogels were dialyzed against water/DMF (volume ratio: 80/20) for 7 days and then pure water for an additional 14 days. Characterization data for the various nanogels are shown in Table S2 and discussed below.
Synthesis of doubly crosslinked nanogels containing nanogel probe particles
Four double crosslinking nanogel DX NG(NG Ph/An ) x (x = 0.02, 0.10 or 0.50) gels containing NG 10.8 wt.% and 0.02, 0.10 or 0.50 wt.% NG Ph/An with respect to the total gel mass were prepared (See Scheme S1c). A combined mixed dispersion was first prepared that comprised two pre-cursor mixtures (A and B). DX NG(NG Ph/An ) x (x = 0.02, 0.10 and 0.50) gels were prepared using Mixture A which contained APS (52 μL of 0.156 mol/L solution), NG (2.166 g, 19.4 wt.%), and NG Ph/An (0.053 g, 0.267 g or 1.334 g for x = 0.02, 0.10 and 0.50, respectively, with a concentration of 1.31 wt.%) at a pH of 6.2. Mixture B comprised 0.350 g taken from a stock solution prepared using NaOH (9400 μL, 4.0 M), alkaline TEMED (300 μL), and water (300 μL) for DX NG(NG Ph/An ) 0.50 .
In the cases where x = 0.10 or 0.02 another 1.067 or 1.280 g respectively of water was added to Mixture B. The final pH of the combined mixed dispersion was 8.9. The latter was transferred to a rubber O-ring (outer diameter = 15 mm and thickness = 1 mm) and secured between two glass slides and cured at 37 ºC for at least 2 h.
Synthesis of poly(acrylamide) gel containing nanogel probe particles
The following is based on a literature method 3 which was modified to prepare poly(acrylamide) (PAAm-MBAAm) gel containing 0.10 wt.% nanogel probes (i.e. PAAm-MBAAm(NG Ph/An ) 0.10 ).
Briefly, AAm (188 mg, 2.64 mmol), MBAAm (5.0 mg, 32.5 μmol), water (2.0 g) were added to an aqueous dispersion (0.640 mL) containing fluorescent NG Ph/An (3.2 mg) for 10 min. APS (1.0 ml of 21.9 mmol/L solution) was added to the mixed dispersion under N 2 and stirred for 3 min and the solution (pH 5.6) transferred to a rubber O-ring (outer diameter = 13 mm and thickness = 1.8 mm) and cured at 50 o C for 5 h.
Synthesis of nanocomposite gel containing nanogel probe particles
An earlier synthetic method used to prepare nanocomposite gels was modified for use in this study 4 . LAP dispersion (2.06 wt%) was prepared by dispersing LAP powder thoroughly in deionized water 
Physical Measurements
Potentiometric titration data were obtained using aqueous NaCl (0.01 M) with a Mettler Toledo titrator. Dynamic light scattering (DLS) and electrophoretic mobility data were obtained using a Malvern Zetasizer Nano-2S instrument. TEM observations were conducted using a Philips CM 20, and the samples were negatively stained using phosphotungstic acid (1.0 wt% aqueous solution). A Hitachi U-1800 spectrophotometer was used for UV-visible spectroscopy measurements. The photoluminescence (PL) spectra and absolute fluorescence quantum yield were obtained using an 8 Edinburgh Instruments FLS980 spectrometer. The excitation wavelength was 298 nm and the number of repeat measurements was five. This wavelength was also used to obtain the fluorescent images of the gels.
The absolute quantum yield was determined using PL over a range of emission wavelengths (320 to 600 nm) and measurements performed in a quartz sample holder using an integrating sphere. The overall quantum yield (Φ overall ) was calculated using The volume swelling ratio (Q) of gels was measured using a gravimetric method. Samples were placed in phosphate buffer solutions (0.1 M) at different pH values. Each sample was weighed once a day and returned to a fresh buffer solution. The Q value for the gels was calculated using:
where Q (m) is the mass swelling ratio. The ρ s and ρ p are the densities of the solvent (water) and polymer, respectively. The values used for water and the DX NGs were 1.0 and 1.2 g/mL, respectively. The ρ p value for PAAm used was 1.30 g/mL 6 . In this study we use the average linear
) to characterize gel swelling. Uniaxial compression tests were conducted using an Instron series 5569 load frame equipped with a 10 N compression testing head.
Engineering stress and strain values are reported. A cylindrical geometry was used for the samples (diameter of 12 mm and height of 12 mm). PL spectra for gels being uniaxially compressed were obtained using a home-constructed optical-compression device which contained the gel between two quartz slides with a known separation that could be varied. The device was placed within the FLS980 during measurements. The variation of the gel thickness enabled calculation of the engineering strain. The dimensions of the samples were the same as that used for uniaxial compression (above).
Reversibility studies for nanogel probes in dispersion or within DX NGs
The NG Ph/An dispersion (0.03 wt.%) in PDP buffer (pH 6.0) was placed in dialysis tubing (68 kD MWCO, Fisher Scientific) and this was placed in a much greater volume of buffer solution which was periodically switched from pH 6.0 to 8.0. A period of 24 h was allowed for the internal pH to equilibrate at the new pH value. A similar process was used for DX NG(NG Ph/An ) 0.10 gel; however, dialysis tubing was not used.
Studying the effect of Ca 2+ using nanogel probes in dispersion or within a DX NG
The pH of the NG Ph/An dispersion was adjusted to 9.0 by addition of aqueous NaOH (0.5 M) and the dispersion was investigated using DLS and PL after aqueous 
Release experiments for DX NG(NG Ph/An ) gel containing RBITC
The RBITC-based fluorescent DX NG/(NG Ph/An ) 0.10 gel was prepared using a modification of the procedure described above. In this case RBITC (0.14 wt.%, 20 L) was added to Mixture A where the latter contained NG (3.095 g of 19.43 wt.% dispersion), NG Ph/An (0.381 g of 1.31wt.% dispersion) and APS (0.156 mol/L, 74 μL). Mixture B (0.55 mL) contained TEMED (300 μL), NaOH (9.4 mL of 4.0 M solution) and water (300 μL). The gel was cured as described above. 
SUPPLEMENTARY DISCUSSION AND FIGURES
Nanogel probe characterization
Four nanogel systems were prepared in this study: NG, NG Ph , NG An and NG Ph/An . Synthesis details are given above and in Table S1 . Only the NG particles were vinyl-functionalized. NG Ph/An , NG Ph and NG An were fluorescently labelled and were not vinyl functionalized. (NG Ph and NG An were control systems.) Characterization data for all the nanogels are shown in Table S2 . showed that both dyes had been successfully incorporated. The particles contained 0.42 and 0.59 mol%, respectively, of Ph and An (Table S2) . UV-visible spectra for NG Ph and NG An are shown in Figure S6b and S6c, respectively. 
NRET efficiency calculation
The non-resonance energy transfer (NRET) efficiency was calculated using the intensities from the PL spectra measured for dispersed NG Ph/An particles ( Figure S7a ) and donoracceptor distance, respectively. The Förster distance is the distance between the donor (Ph) and acceptor (An) for which the probability of the donor transferring its energy to the acceptor by dipolar resonance is equal to that of this energy being lost by fluorescence emission (Table S2) .
Additional core-shell NG Ph/An discussion
In addition to the data shown in Figure 1c support for a core-shell NG Ph/An structure comes from the pH-dependent electrophoretic mobility data ( Figure S5 ). Such data are most sensitive to the outer surface of the swollen particles 11 . The present data show a rapid increase in the magnitude of the mobility at pH values greater than 5.5 which is followed by a more gradual increase at higher pH values. This behaviour would be generally expected from shell swelling followed by core swelling 11 . Accordingly, we propose that the shell of NG Ph/An particles had a lower local pK a than the core. This explanation is consistent with the DLS data ( Figure 1a ) which showed that initial swelling occurred at pH values significantly below the apparent pK a value for the particles (7.7, Table S2 ).
An interesting question concerns the homogeneity of the distribution of the dyes throughout the particles. The structures of Ph and An are similar (Scheme S1b) and so it is reasonable to expect that they had similar distributions within the NG Ph/An particles. Both dyes were less soluble than the structural monomers used to prepare NG Ph/An (Scheme S1a). One may expect that these dyes would have a higher concentration closer to the core than the shell of the particles on the basis of freeenergy considerations 12 . However, a crosslinking monomer (EGMDA) was also used which can complicate the structure by preventing equilibrium structures from being achieved 13 . The data available (Fig. 1c) provided strong evidence that the dyes were present in both the core and shell of the particles and so they are proposed to have had a nominally uniform distribution. 
DX NG hydrogel formation by covalently interlinking of NG particles
The pH-responsive hydrogels studied in this work were constructed from the NG particles (depicted in Scheme S1c). Following our earlier work 14 the pH of the concentrated dispersion was increased to greater than the pK a to ensure that a physical gel formed. The NGs were subsequently covalently interlinked by free-radical coupling at 37 o C. This process transformed a shear-thinning physical gel into a covalently interlinked hydrogel. Figure S12 shows an image of DX NG(NG Ph/An ) 0.10 obtained using ambient light. we cannot be certain that the NG Ph/An particles were intimately connected (and locked in place) within the gel networks discussed above. If incomplete connection of the nanoprobe particles with the network occurred, then a drawback might be that stress/strain transfer was not completely representative of the gel network that was being probed. Nanogel precursor used to prepare the GMA-functionalized NG (Scheme S1a). Calculated from potentiometric titration data shown in Figure S1 .
b Apparent pK a values were obtained from data ( Figure S1 ).
c
Determined from UV-visible spectroscopy data using the BeerLambert law ( Figure S2 ). Gel did not break at maximum strain used for these measurements, which was 90%.
